Molecular structure, molecular electrostatic potential (MEP) and theoretical vibrational spectra of 4, 6-dichloro-5-methylpyrimidine (DMP) molecule have been presented in this paper. The vibrational spectra were calculated for monomer, dimer and unit cell DMP molecule using density function theory (DFT) and ab initio Hartree-Fock (HF) (for monomer) method employing 6-311++G (d, p) basis set using Gaussian 09 program. The frequencies obtained by DFT have smaller values than obtained from HF due to the inclusion of electron correlation in the previous one. Electronic absorption calculations are performed both in the gas and solvent phase using TD-DFT (including IEF-PCM model) to understand the stability, charge transfer and frontier molecular orbital energy gap. Large value of energy gap leads to the stability of molecule. Overlapping between calculated and the experimental structure show that the optimized geometry reproduced exactly similar structure as by the experiment.
INTRODUCTION
Nitrogen containing molecules have their wide medicinal applications. Pyrimidine derivatives containing nitrogen atoms are known for their pharmacological applications. They are used as pesticides, pharmaceutical agents (Condon et al., 1993; Maeno et al., 1990) , antiviral agents (Alam et al., 2010) , herbicides (Selby et al., 2002) , antioxidant and for applications of organoselenide compounds (Khidre et al., 2013) .The aim of present study is to investigate the vibrational frequencies of with potential energy distribution 4, 6-dichloro-5-methylpyrimidine (DMP) together with the structural parameters. X-ray diffraction method is one of the most frequently applied techniques for structural characterization of pharmaceutical compounds which is sensible to the long-range order molecules. Nowadays, there has been increasing attention for the application of vibrational spectroscopy (Raman and infrared) for non-destructive characterization of substance having short-range molecular structure (Srivastava et al., 2013) . The quantum mechanical methods are strongly supporting theoretical tools. Vibrational spectroscopy is a valuable method for studying the dynamical behavior and to gain insight into the electronic structures of macromolecules at microscopic level (Srivastava et al., 2013; Mishra et al., 2014) . They have been widely used to study the energetic, thermal and dynamical behavior from vibrational dynamics of large number of molecules/ or biomolecules. The crystalline structure of DMP was recently elucidated by Medjani et al. (2015) . It crystallizes in a monoclinic system belonging to the P2 1 /n space group with the crystal parameters: a = 7.463 (5), b = 7.827 (5), c = 11.790 (5) Å and β = 93.233 (5)º. The crystalline packing is governed by strong intermolecular hydrogen bonds involving both carbon (doner) and nitrogen (as acceptor) and forming inversion dimers. The crystal structure of DMP molecule is shown in figure 1 (a) . We have presented the vibrational modes of DMP for its monomer, dimer and the unit cell level using density functional theory (DFT) together with ab initio Hartree Fock (HF) theory. Further, MEP and electronic absorption in gas as well as in the solvent phase together with HOMO-LUMO analysis has been included.
MATERIALS AND METHOD Computational details
The hybrid density functional theory (DFT) (Hohenberg & Kohn, 1964) calculations were mainly carried out in the frame-work of the Becke-Lee-Yang-Parr (B3LYP) functional, in which the exchange functional is a local spin density exchange with Becke gradient correction (Casida & Chong, 1995) and the correlation functional is that of Lee, Yang and Parr with both local and non-local terms (Casida et al., 1998; Lee et al., 1988) . Molecular geometry, vibrational frequencies and energies of optimized structures of the DMP were calculated employing 6-311++G (d, p) basis set (Becke, 1993; Parr & Yang, 1989) using Gaussian 09 (Frisch et al., 2009) program package. The vibrational assignments of the normal modes were made on the basis of the band profile, intensity and PED, calculated along the internal coordinates employing localized symmetry using GAR2PED program (Martin & Aslenov, 1995) . For the molecule, isoelectronic molecular electrostatic potential surfaces (MEP) were calculated and plotted by the Gauss View program (Frisch et al. 2000) using DFT B3LYP/6-311++G (d, p) basis set.
RESULTS AND DISCUSSION

Geometry optimization
Taking the standard geometric parameters (Medjani et al., 2015) , initial geometry was minimized without any constraints to the potential energy surface. These optimized parameters were used for vibrational frequency calculation to characterize all stationary points as minima. The ground state optimized structure of the molecule is as shown in the figure 1 (b). The optimized structure reproduced is remarkably similar to the experimental one. The calculated parameters (bond length, bond angle and the dihedral angles) are similar to the experimental values. Both the optimized and experimental molecular conformations were compared by superimposing them using a least-square algorithm that minimizes the distance between the corresponding non-hydrogen atoms, as shown in figure 1 (c). For clarity, all the hydrogen atoms were removed. The agreement between the optimized and the experimentally observed structure was excellent showing that optimized structure reproduces the experimentally observed conformation. 
Expt 
Molecular electrostatic potential (MEP)
The molecular electrostatic potential (MEP) in a molecule at a point r (x,y,z) is the force on unitary positive test charge at that point due to its whole electrical charge and is given by:
where is the charge on nucleus A located at and is the electron density. The first term is due to the nucleus and the second due to electron cloud. The MEP provides a visual method to understand the relative polarization of molecule (Srivastava et al., 2013) . Such surfaces depict the size, shape, charge density and site of chemical reactivity of the molecules. In the surface generated, negative electrostatic potential (shades of red color) corresponds to an attraction of the proton by the concentrated electron density in the molecules (from lone pairs, pi-bonds, etc.) and positive electrostatic potential (shades of blue color) corresponds to repulsion of the proton by the atomic nuclei in the regions where low electron density exists and the nuclear charge is incompletely shielded. The largely white or lighter color shades on the surface indicate that the molecule is mostly non-polar. The potential increases in the order red < orange < yellow < green < blue. Molecular electrostatic potential surface (MEP) of DMP molecule mapped with the output obtained by B3LYP/6-311++G (d, p) is as shown in figure 3 . From the figure it is clear that the most negative regions (red regions) are localized over the nitrogen atoms as the sites for nucleophilic reactivity. Similarly, the most positive region (blue region) is localized over the hydrogen atoms of methyl group which is expected to be electrophilic regions. 
Electronic absorbance and HOMO-LUMO band gap
The frontier molecular orbitals characterized by HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) are the most significant orbitals in a molecule. These orbitals play vital role in predicting electric and optical properties. The energy of the HOMO is directly related to the ionization potential and the energy of the LUMO is directly related to the electron affinity. Higher gap energy (ΔE) indicates more stability of molecule and vice versa. Usually, a molecule with small frontier gap is more optically polarizable, kinetically less stable, has high conductivity and high reactivity in chemical reactions (Lewis et al., 1994) . The calculated electronic absorption spectra in both the gas and solvent phase (DMSO; Dimethyl sulphoxide) using time dependent density functional theory (TD-DFT) employing 6-31G (d, p) basis set is shown below in the figure 4.
Fig. 4. UV-Vis absorption spectrum of the title molecule.
The calculated frontier orbital energies, absorption wavelengths (λ max ), oscillator strengths (f), excitation energies (E), and dipole moments (μ) for gas as well as the solvent phase are illustrated in table 2. The electronic absorption corresponds to the transition of an electron from the HOMO (referred as ground state) to the LUMO (as first excited state). and 5.979472 eV, respectively in the solvent and gas phases. Figure 5 shows HOMO-LUMO plot for the different molecular orbitals taking part in the charge accumulation process in the gaseous phase. The red regions indicate to the positive charge and blue regions to the negative charge accumulating parts of the molecule. In HOMO, charge is accumulated from nitrogen and chlorine molecules together with the charge from ring, while in LUMO the charge accumulation occurred at the ring elements (nitrogen and carbon). In HOMO-1 and HOMO-2 the charge is mainly accumulated from the ring and chlorine atom while in case of LUMO+1 almost the charge is accumulated at the ring elements. In HOMO-7 the charge accumulation is dominated by the lone-pair elements. In this molecule main transition types are π→π * in the ring and and n→π * (in the lone-pair elements). Vibrational frequencies DMP molecule has 13 atoms, hence it gives 33 (3N-6; N is the number atoms) modes of vibrations. All the frequencies / wavenumbers are both Raman and IR active. The calculated frequencies (for monomer, dimer and unit cell) have been scaled by the wavenumber linear scaling (WLS) of Yoshida et al. 2002 using the expression: υ obs = (1.0087-0.0000163 υ cal ) υ cal . The calculated frequencies of DMP molecule for its monomer, dimer and unit cell level are listed in the Table 3 . The Raman and IR spectra are shown in the figure 6 and 7, respectively. Further, a brief assignment of these frequencies according as the numbering system as shown in figure 6 is given below: Methyl vibration CH 3 group has several modes associated with it, such as symmetric and asymmetric stretches, bends, rocks, and torsional modes. In this study, the asymmetric stretching was calculated at 3020 and 2962 cm -1 in the monomer. This vibration has same values in the dimer while there was small difference in unit cell. Symmetric vibration related to this group was at 2919 cm -1 , which was strong in the Raman and weak in the IR band. The deformation vibrations of CH 3 were calculated at 1465 and 1462 cm -1 . 17,13,7 41,39,31,29,29,28,28, 27,22,21, 20,19,17, 16,14,9,9,5 τ(C8C10)(46)+R[τ a' (32)+puck (9)] (Proposed assignments and potential energy distribution (PED) for vibrational normal modes. Types of vibration: ν, stretching; δ, deformation (bending), scissoring; oop, ω, wagging; γ, twisting; ρ, rocking; τ, torsion; a Potential energy distribution (contribution ≥ 5) ).
C8-C10 stretching vibration was calculated at 1364 cm -1 in the scaled DFT and at 1481 cm -1 in HF method. The in-plane and out-of-plane vibrations of C8-C10 were at 294 and 273 cm -1 , respectively. 
